###### Strengths and limitations of this study

-   An international multidisciplinary team of experts contributed to the development of this registry.

-   This is the first registry of its kind for arthrogryposis multiplex congenita.

-   Sustainability of any registry is dependent on funding.

-   This registry will provide a platform to generate future studies on the distribution, causes, interventions and outcomes.

Background and rationale {#s1}
========================

Arthrogryposis and arthrogryposis multiplex congenita (AMC) are descriptive terms, rather than specific diagnoses, used for a heterogeneous group of conditions with multiple congenital contractures and are often used interchangeably. This group of conditions affects 1 in 3000 live births[@R1] and results from a lack of fetal movement.[@R3] Individuals born with these conditions exhibit multiple joint contractures in at least two different body areas, including the upper and lower limbs, spine and jaw[@R1] as depicted in [figures 1--3](#F1 F2 F3){ref-type="fig"}. AMC may represent complex cases as impairments in other systems including gastrointestinal, genitourinary and central nervous systems are common.[@R4]

![Spinal deformities of varying severity.](bmjopen-2017-021377f01){#F1}

![Images depicting upper limb involvement: (A) thumb-in-palm and overlapping fingers; (B) flexion contracture at the elbows and wrists, and absence of skin creases at the elbow; (C) internal rotation with extension contracture at the elbow.](bmjopen-2017-021377f02){#F2}

![Images depicting lower limb involvement: (A) clubfeet, (B) flexion contracture of the knee and webbing in the popliteal region, (C) flexion contracture at the hips.](bmjopen-2017-021377f03){#F3}

Hall[@R5] recommended classifying cases using the following categories to aid in a specific diagnosis in AMC: (1) limb involvement only, (2) limb with other system involvement and (3) neuromuscular involvement with central nervous system dysfunction or intellectual disability. A specific diagnosis is based on the evaluation of pregnancy and delivery history, a detailed physical examination with documentation as to which joints are affected and the degree of extension and/or flexion, the examination of radiographs and photographs, and the natural history of complications in response to different interventions.[@R5] Laboratory tests, such as muscle biopsies, blood tests and genetic analysis, also contribute to a specific diagnosis.

AMC may occur as part of inherited single-gene disorders or may occur sporadically. Currently, over 300 genes have been associated with AMC[@R6]; however, it is unclear how these mutations lead to the clinical presentation of AMC as less than half of the patients have a mutation in one of the known AMC-related genes.[@R8] Discovering the genetic pathways responsible for these conditions have important repercussions for prevention, gene therapy and genetic counselling. AMC may also be attributed to other factors inducing decreased fetal movements. These include maternal factors such as structural uterine anomalies that result in fetal crowding, exposure to teratogens, maternal conditions (such as myasthenia gravis and multiple sclerosis) and physical health status at the time of conception and during gestation. Paternal influences may also play a key role and need to be studied further.[@R9] Factors integral to understanding the long-term needs of individuals with rare conditions, such as individuals presenting with AMC, relate to the distribution and natural history and are lacking in the literature. The terminology and definitions used by various disciplines to classify and describe this group of conditions and applied outcome measures are often inconsistent. The International Classification of Diseases (ICD), a standard diagnostic tool used in epidemiology, and health management do not provide the necessary details to easily retrieve cases presenting with AMC for research and clinical purposes, nor does it indicate severity or aetiological information.

Research studies in AMC are often fragmented, isolated and are small scale. Conducting research in rare diseases poses several challenges. Investigator-initiated research often results in small sample sizes,[@R11] precluding the use of robust statistical methods and limiting the findings' external validity. Comparability and pooling of findings across individual studies in rare diseases often lack standardisation in methodology and will vary in data collection, selection criteria, classification and outcome measures.[@R12] Currently, there is no comprehensive registry or classification system to support the high-quality studies needed to inform the distribution, clinical practice and genetics contributing to this group of conditions. Multisite collaborations across a breadth of disciplines offer enormous scientific leveraging opportunities. The creation and implementation of a multisite AMC registry will provide the opportunity to collaborate and develop standardised methodologies to contribute to rigorous research and enhance current care and establish new therapies. Prior to the full implementation of the AMC registry, a pilot registry will be developed.

Case definition {#s1a}
---------------

A clear and standardised case definition is necessary to ensure that all potential participants of the registry can be systematically and correctly identified and approached for recruitment. Considering the heterogeneity of the population presenting with AMC, as well as the lack of proper coding systems within healthcare institutions to properly denote individuals with a clinical presentation of AMC,[@R2] a specific case definition was developed through consultation with a panel of experts on AMC and registry development. This definition includes a description of clinical presentation, onset, factors associated with these conditions, and functional and long-term implications.

Data elements {#s1b}
-------------

The final dataset for the pilot registry was validated through the method proposed by Lawshe.[@R13] Content validation of any instrument is crucial prior to piloting its use to ensure that an instrument measures all elements of the content but is free of unwanted or irrelevant details for the overall purpose.[@R15] Validation of the dataset is essential to ensure that the information collected will be pertinent to ultimate end users of the knowledge (clinicians, families, patients). The final dataset only includes items with high content validity ratios, thereby increasing the efficiency and significance of the data elements for the AMC registry. The specifics of this method and the results of the exercise will be shared through future publications.

The objectives of the pilot registry for AMC are to:Provide the framework to fully implement the AMC registry.Provide opportunities to refine participant selection criteria, and expand datasets to include rehabilitation, surgical management and genetic sequencing.Determine the best timing of questionnaire administration and frequency of follow-up.Resolve potential challenges before the full implementation of the AMC registry.

Methods {#s2}
=======

Study design {#s2a}
------------

The pilot registry is a cross-sectional multicentre registry. Retrospective data from the time of pregnancy, birth and neonatal period of the registered child will be collected for the pilot phase of this registry. The full AMC registry will consist of a prospective registry using both retrospective and cross-sectional data. This registry was initiated by a panel of experts which identified the gaps in research and clinical therapies for children presenting with AMC. Included disciplines were: rehabilitation, genetics, orthopaedics, clinical research and registry management. Additionally, patient representativeness was ensured through the inclusion of a patient advocate. Prior to full registry implementation, the registry will be pilot tested with 40 families. Pilot testing is crucial to determine the feasibility of a study prior to launching a large-scale multisite project. It allows the investigators to solve potential issues prior to full expansion. [Figure 4](#F4){ref-type="fig"} represents the timeline for the pilot registry and its projection.

![Timeline for the pilot registry and its projection.](bmjopen-2017-021377f04){#F4}

Patient and public involvement {#s2b}
------------------------------

Patient engagement has been intrinsic to the conception of the AMC registry. The initial panel of experts included the founder from a North American patient support group so that the youth and families' voices were considered from the start. During a knowledge-exchange day geared towards families and individuals with AMC and the patient-support group's annual meeting, it was identified that learning more about the genetics behind AMC, treatment effectiveness and long-term outcomes was a main priority. These issues are close to the hearts of those affected by AMC and are therefore integral to the registry. Additionally, content validation for the final data-set included patient perspectives to ensure that their concerns were being addressed. Results of the pilot phase of the registry will be shared with families and youth with AMC via newsletters through accessible channels such as the website for the support group.

Study setting {#s2c}
-------------

The AMC registry will be pilot tested at two Shriners Hospital for Children (SHC) sites: the SHC-Canada in Montreal, Quebec and SHC-Philadelphia. These two sites were purposefully selected as they have a relatively large, diverse population of patients presenting with AMC, thus facilitating recruitment and providing the opportunity to explore contributory factors of these conditions for the pilot phase.

Eligibility criteria, sample size and recruitment procedures {#s2d}
------------------------------------------------------------

Families will be recruited based on having at least one child (0--21 years old) with the common clinical manifestation of multiple congenital contractures. Eligibility for the registry will be confirmed by the orthopaedic surgeons who are treating at both sites (RH and HVB). Participants will be recruited during their outpatient clinic visit at each respective site by the research assistant, who will provide information regarding the pilot registry and review the consent/assent forms as appropriate. A tentative appointment for the telephone interview will be scheduled. However, if preferred by the family, they will be contacted again by email to schedule an appointment. The primary caregiver from 40 families, 20 from each site, will be required to complete the telephone interview with the research assistant. Some attrition is expected (completed consent but incomplete interview); however, as this registry is a pilot, the attrition rate cannot yet be estimated and will be calculated after the completion of this pilot study. Recruitment will therefore continue until all 40 interviews have been completed. Total sample size and attrition rate will then be calculated and will be used to inform recruitment for the full multisite AMC registry.

Data collection methods {#s2e}
-----------------------

The AMC pilot registry was modelled after the established Canadian Cerebral Palsy registry and tailored using the reference manual 'Arthrogryposis: A Text Atlas'.[@R16] This resulted in a manual of operations for a standardised data collection process and a comprehensive AMC-specific case report form (CRF) which includes the data elements for the pilot registry. These elements are listed in [figure 5](#F5){ref-type="fig"} and correspond to the child (eg, date of birth, place of birth, birth weight and gestation, race and ethnicity, diagnoses), maternal and paternal demographics (date of birth, residence, ethnicity, lifestyle habits), pregnancy (antenatal conditions), and birth (delivery information), maternal and paternal medical history (pre-existing conditions, prescription use).

![List of datasets for the pilot registry.](bmjopen-2017-021377f05){#F5}

Prior to piloting, a standardised training module will be completed by each research assistant to ensure that recruitment, data collection and data entry are performed in a consistent manner across both recruiting sites. Data will be collected from both the medical chart and the telephone interview, as using multiple sources to confirm the same data can minimise inadequacies found in one-source data. This data will be used to complete the CRF.

Data management {#s2f}
---------------

The CRF will be used to populate OnCore, a secure electronic database used by the Shriners system. This common method of data entry facilitates easy access to the comprehensive inventory of information and enables sharing between facilities on secured servers.[@R17] A data-monitoring committee is not assigned to this pilot registry as no adverse events are expected since no interventions will be administered to participants as part of this pilot registry. Data will be secured and password protected and only accessed by registry personnel at the Shriners Hospitals for Children.

Essential to standardised data collection will be the manual of operations which will include detailed data collection procedures, a data dictionary, documentation requirements, validation rules and enhanced ICD-10 codes to ensure straightforward data retrieval.

Statistical analysis {#s2g}
--------------------

Descriptive statistics will be used to summarise relevant data. These will be reported as means, medians and proportions with corresponding measures of error as deemed appropriate. Regression analyses will be used to explore associations to generate hypotheses regarding risk factors, interventions and outcome which will be further explored in the multisite AMC registry. Qualitative analysis will also be used to describe the various phenotypes of AMC conditions. Additionally, the information collected from the two sources (ie, telephone interview and medical chart) will be checked for completeness. If a discrepancy between the two sources is identified, two researchers (ND-O and TB) will select the data source to be used based on the variable collected. Additional sources of information often give more insight into a topic, and multiple sources provide verification and validity while complementing similar data. The data source (ie, telephone interview and medical chart) will therefore be determined a priori based on this comparison.[@R18] By targeting medical chart requisitions, data collection will be facilitated in the larger scale implementation.

Closure of pilot registry {#s2h}
-------------------------

The pilot phase of the AMC registry will end once 40 families have completed the telephone interview. Recruitment procedures will be evaluated and preliminary data analyses will be completed. Expansions to the registry content and to participating sites will be reviewed with the panel of experts.

Ethics {#s3}
======

Research ethics approval and protocol amendments {#s3a}
------------------------------------------------

Research ethics and administrative site approvals have been received at both the SHC-Canada and SHC-Philadelphia sites. Since the registry is not a clinical trial, this protocol has not been registered. Minor wording revisions were required to the consent and assent forms prior to obtaining final ethics approval. The protocol was accepted as submitted.

Consent/assent {#s3b}
--------------

Patient participation is completely voluntary, and informed written consent will be obtained prior to participation. This consent will be obtained while the patients are present for AMC clinic by the research assistant assigned to the study. Either or both parents/guardians will sign the consent form as they will be the ones to complete the questionnaire over the telephone. For the Canadian site, assent will be obtained for children between the ages of 7--14 years. For patients older than 14 years of age, consent will be obtained from both the parent and the child to ensure participation. In the US site, children between the ages of 7 and 17 years provide assent while those over 18 years of age provide consent. These procedures are state and province specific and are approved by the local research ethics boards.

Confidentiality and access to data {#s3c}
----------------------------------

OnCore is used in all SHC studies for the management of clinical research data. This secure database implements industry best practices and ongoing monitoring activities, such as daily-encrypted backups of hosted customer data. Only authorised personnel will have access to the CRF which will be stored in a locked file cabinet. Specific individual information in the registry will not be shared with other persons, entities or companies unless obligated by legal authorities. Data collection will be performed locally and anonymised in the online OnCore Enterprise Research software.

Dissemination policy {#s3d}
--------------------

Results from the pilot phase of the registry will be shared through a manuscript regarding the findings of this study. Additionally, information briefs will be provided to the participating clinicians and families. These information briefs will contain the most pertinent findings from the pilot phase, as well as future directions for research, specifically for the full multisite registry. A summary of the research findings will also be made available to the sponsor of the study. Authorship will be based on the following criteria: substantial contribution to the conception or design of the work; or the acquisition, analysis or interpretation of data.

Discussion {#s4}
==========

The pilot AMC registry is designed to provide a platform for the generation of hypothesis-driven multicentre longitudinal studies in AMC. To date, little is known about these conditions with respect to aetiology and natural history. Evidence and effectiveness of various therapies (genetic, surgical and rehabilitative) are lacking. Considering the relative rarity and heterogeneity of AMC, large sample sizes to conduct research with generalisable outcomes is nearly impossible to gleam from single-site studies. Multisite collaboration is warranted and can be achieved through a registry. A standard case definition is essential to ensure that all potential participants are consistently recruited across sites so that the sample size can be as large as possible. A comprehensive CRF is essential to ascertain all salient information required for future research avenues. The creation of a manual of operations will facilitate the implementation of an AMC registry by providing standardisation regarding data-collection procedures, and definitions and enhanced ICD-10 codes to be used for cases with different types of AMC. The generation of an online database that can be shared between sites will facilitate data collection, data entry and analysis.

The novelty of this approach with this population requires a pilot phase of the AMC registry to test feasibility (including need for personnel training) and impact on families. Piloting the registry on 40 participants across two SHC sites will provide important information with respect to ease of recruitment, length of administration and ease of execution. Random audits on 20% of the data registry (four at each site) will contribute to data quality assurance.

Summary {#s5}
=======

Establishing a pilot AMC registry will provide the platform for a full expansion of the AMC registry to generate multiple research avenues to enhance current care and establish new therapies. Following this pilot study, we will refine the participant selection criteria and determine the best timing for the questionnaire administration and frequency of follow-up. As AMC includes a group of rare conditions, this protocol will also serve to guide the establishment of future rare disease registries.
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